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cooling said acceptor-doped layer to a second temperature significantly lower than 
said first temperature during a cool-down process; 

preventing additional hydrogen from diffusing into said acceptor-doped layer 
substantially during the cool-do\/n process; 

causing said acceptor-do] >ed layer to be a p-type layer, having p-type conductivity and 
a hole density between approximately 3xl0 15 cm" 3 and lxl0 18 cm" 3 , after said cool-down 
process; and 

after said cooling, heating said p-type layer to a third temperature greater than the 
spcond temperature and less tharfl625°C to remove hydrogen from said p-type layer thereby 
increasing said hole density and lowering the resistivity of said p-type layer. 

The method of Cl&jim 1 wherein said preventing additional hydrogen from 
layer comprises preventing gases containing hydrogen 
said cool-down process and removing hydrogen in said 



diffusing into said acceptor-doped \ 
from entering said chamber during 
chamber during said cool-down process. 



4. 



The method of CI 



to increase said hole density at sa 



m 1 wherein said preventing additional hydrogen from 

I 

diffusing into said acceptor-dopeJ layer comprises forming an n-type semiconductor layer cap 
over said acceptor-doped layer prior to said cool-down process. 

5. The method of CMm 1 wherein said causing said acceptor-doped layer to be a 
p-type layer prior to said annealirjg comprises treating a surface of said acceptor-doped layer 

surface to be greater than 3xl0 15 cm" 3 . 

6. The method of Cla^ifi 5 wherein said treating said surface comprises 
chemically etching said surface, 

The method of Clairfi 5 wherein said treating said surface comprises plasma 
etching said surface. 

8. The method of Clair^ 5 wherein said treating said surface comprises plasma 
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cleaning said surface. 

9. The method of Clai|n 5 wherein said treating said surface comprises 

chemically cleaning said surface. 

1 0. The method of ClaiiA 9 wherein said chemically cleaning said surface 
comprises cleaning said surface in d solution of at least one of KOH, NaOH, and NH 4 0H. 

1 1 . The method of Clairr| 5 wherein said treating said surface comprises 
ultrasonically cleaning said surface. 

1 2 . The method of Claim 




5 wherein said treating said surface comprises irradiating 



said surface with an electron-beam. 
13. The method of Claim 



5 wherein said treating said surface comprises exposing 



said surface to electromagnetic radiajion. 

14. The method of Claim | wherein said growing an acceptor-doped layer results 
acceptor impurities in said acceptoifdoped layer having greater than 90% passivation prior 



in 



to said cool-down process. 



1 5 . The method of Claim 1 jwherein, after said cool-down process, said hole 
density is greater than 3xl0 16 cm" 3 . 

16 The method of Claim 1 therein said introducing acceptor impurities comprises 

1 

doping said semiconductor layer to haveja density of acceptor impurities greater than 

5xl0 18 cm" 3 . ,1 

1 7. The method of Claim 1 wherein said annealing is earned out at a temperature 

in the range of 100-625°C. \\ 

\\ 

18. The method of Claim 1 wherein said annealing is earned out at a temperature 

il 

rein said growing in a chamber an acceptor-doped 



below 400°C. 

19. The method of Claim 1 wh$ 



I, 



layer is performed in a chamber different fij>m a chamber in which said p-type layer is 
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annealed. 

20. The method of Claim 1 wherein said annealing is carried out after said cool 
down process prior to ariy further processing of said p-type layer. 

21 . The metltod of Claim 1 wherein said growing in a chamber an acceptor-doped 
layer further comprises Arowing a III-V nitride compound n-doped semiconductor layer to 
form a light emitting diode. 

22. The method of Claim 21 wherein said acceptor-doped layer is grown 
subsequent to said n-dopeti semiconductor layer. 

23. The methol of Claim 1 further comprising growing additional one or more III- 
V nitride compound acceptor-doped layers and causing said additional one or more acceptor- 
doped layers to be p-type ptrior to said annealing. 

24. The methodlof Claim 1 wherein said annealing is carried out solely to remove 
said hydrogen from said p-wp e layer. 

25. The method bf Claim 1 wherein said annealing is carried out to remove said 
hydrogen from said p-type layer as well as to anneal or alloy a p-type ohmic contact. 

26. The method if Claim 1 wherein said growing said acceptor-doped layer 
comprises growing a group III-V compound semiconductor including gallium and nitrogen. 

27. The method ok Claim 1 wherein said acceptor impurities comprise magnesium 

28. The method of Claim 1 wherein said annealing is carried out in a gas 
environment containing N2 

29. The method o^Claim 1 wherein the resistivity of said p-type layer prior to said 

annealing is less than 5000 ohm-cm. 

30. The method of flaim 1 wherein the resistivity of said p-type layer prior to said 

annealing is le ss than 30 

3 1 . (Amended) A method for manufacturing a p-type III-V nitride compound 
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semiconductor comprising] 

growing in a chamtA a III-V nitride compound semiconductor layer at a first 
temperature while introduciik acceptor impurities into said layer to form an acceptor-doped 
layer, said chamber containing one or more gases providing hydrogen such that said hydrogen 
passivates at least some of sakftacceptor impurities; 

cooling said acceptor-doped layer to a second temperature significantly lower than 
said first temperature during a ccfel-down process, thereby causing said acceptor-doped layer 
to be a p-type layer, having p-type conductivity and a hole density between approximately 
3xl0 15 cm" 3 and lxl0 18 cm"\ after Aaid cool-down process; and 

after said cooling, heating jLid p-type layer to a third temperature greater than the 
second temperature and less than 6l5°C to remove hydrogen from said p-type layer thereby 
increasing said hole density and loweringjthgj^sisti ^ of said p type 



32. The method of Claim! 3 1 further comprising substantially preventing additional 
hydrogen from diffusing into said ac|eptor-doped layer during said cooling process. 



33. (Amended) The methcW of Claim 32 wherein said preventing additional 
hydrogen from diffusing into said acctotor-doped layer comprises preventing gases 
containing hydrogen from entering saitt chamber during said cool-down process and removing 
hydrogen in said chamber during said aool-down process. 

34. (Amended) The method bf Claim 32 wherein said preventing additional 
hydrogen from diffusing into said acceptor-doped layer comprises forming an n-type 
semiconductor layer cap over said acceritor-doped layer prior to said cool-down process. 



35. The method of Claim 3 1 further comprising treating a surface of said acceptor- 
doped layer to increase said hole density at said surface to be greater than 3xl0 15 cm" 3 . 

36. The method of Claim 35 jwherein said treating said surface comprises 



chemically etching said surface. 
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" 37. The method of Claim 35 wherein said treating said surface comprises plasma 
etching said surface. 

38. The method|of Claim 35 wherein said treating said surface comprises plasma 

cleaning said surface. 

39. The method \>f Claim 35 wherein said treating said surface comprises 
chemically cleaning said surface. 

40. The method of Claim 39 wherein said chemically cleaning said surface 
comprises cleaning said surfate in a solution of at least one of KOH, NaOH, and NH 4 0H. 

41 . The method of Claim 35 wherein said treating said surface comprises 
ultrasonically cleaning said surface. 

42. The method of (Jlaim 35 wherein said treating said surface comprises 
irradiating said surface with anllectron-beam. 

43. The method of Cteim 35 wherein said treating said surface comprises exposing 
said surface to electromagnetic radiation. 

44. The method of Claim 31 wherein said growing an acceptor-doped layer results 
in acceptor impurities in said acce^or-doped layer having greater than 90% passivation prior 
to said cool-down process. 

45. The method of Claim ^1 wherein, after said cool-down process, said hole 
density is greater than 3xl0 16 cm" 3 . 

46. The method of Claim 3 ll wherein said introducing acceptor impurities 
comprises doping said semiconductor l^yer to have a density of acceptor impurities greater 
than5xlO i8 cm~ 3 . 

47. The method of Claim 31 ^herein said annealing is carried out at a temperature 
in the range of 100-625°C. 

48. The method of Claim 3 1 ^herein said annealing is carried out at a temperature 
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below 400°C. 

49. The method of Claim 3 1 wherein said growing in a chamber an acceptor-doped 
layer is performed in a chkmber different from a chamber in which said p-type layer is 
annealed. 

50. The method Af Claim 31 wherein said annealing is carried out after said cool- 
down process prior to any futther processing of said p-type layer. 

5 1 . The method oflClaim 3 1 wherein said growing in a chamber an acceptor-doped 
layer further comprises growiilg a III-V nitride compound n-doped semiconductor layer to 
form a light emitting diode. 

52. The method of dlaim 51 wherein said acceptor-doped layer is grown 
subsequent to said n-doped semiconductor layer. 

53. The method of Clkim 3 1 further comprising growing additional one or more 
III-V nitride compound acceptor-Hoped layers and causing said additional one or more 
acceptor-doped layers to be p-typa prior to said annealing. 

54. The method of Claitn 31 wherein said annealing is carried out solely to remove 
said hydrogen from said p-type layer. 

55. The method of Claim 31 wherein said annealing is carried out to remove said 
hydrogen from said p-type layer as well as to anneal or alloy a p-type ohmic contact. 

56. The method of Claimb 1 wherein said growing said acceptor-doped layer 
comprises growing a group III-V cortipound semiconductor including gallium and nitrogen. 

57. The method of Claim (3 1 wherein said acceptor impurities comprise 
magnesium. 

58. The method of Claim 3 1 wherein said annealing is carried out in a gas 
environment containing N 2 . 

59. The method of Claim 3|l wherein the resistivity of said p-type layer prior to 
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said annealing is less t^n 5000 ohm-cm. 

60. The met&od of Claim 3 1 wherein the resistivity of said p-type layer prior to 
said annealing is less thai 30 ohm-cm. 
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